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Spatial multi-omics data analysis

Giotto Suite: a multi-scale and technology-agnostic spatial 
multi-omics analysis framework
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Website: www.giottosuite.com
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For users:
- Examples: vignettes for different datasets and 

technologies

- Tutorials: what can you do in or with Giotto?

- News page for regular updates 

For developers:
- Giotto Ecosystem and sub-websites

- Giotto Class Structure to understand data 
structures

- Contribution page

http://www.giottosuite.com/
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Why focus on software engineering solutions for spatial omics?

Asp et al. Spatially resolved transcriptomes. BioEssays 2020

Adoption of a new technology (Spatial Omics)Representations for all type of data at multiple scales
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“Usable tools are the ‘last mile’ bridge between what computer 
science makes possible and what biologists are able to put to 

widespread use in their research.”

Why Giotto Suite?



q There are many spatial technologies, we need technology-agnostic
structures.

qThe number of datasets and methods exponentially increase, it’s now 
or never

q Spatial omics data is complex, and requires more complex data 
structures

Why focus on software engineering solutions for spatial omics?Adoption of a new technology (Spatial Omics)Representations for all type of data at multiple scales
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Why Giotto Suite?



Datasets of the futureDatasets of the futureThe emerging field of spatial omicsWhy focus on software engineering solutions for spatial omics?Adoption of a new technology (Spatial Omics)Representations for all type of data at multiple scalesNext generation datasets
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Why focus on software engineering solutions for spatial omics?Adoption of a new technology (Spatial Omics)Representations for all type of data at multiple scalesSoftware engineering to support next generation spatial data analysis
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Innovative software engineering Flexible and scalable spatial data analysis



Nanostring CosMx

DBiT-seq (AtlasXomics), 
Visium (10X Genomics), 
Slide-seq (Curio Bioscience)

Akoya (CODEX), 
Hyperion (IMC), 
Lunaphore (seqIF)

Spatial Genomics 
(seqFISH+), Vizgen
(MERFISH), Xenium 
(10X Genomics)

Seq-Scope, stereo-
seq (STOmics), 
Open-ST

Spatial CITE-seq, 
CUT&RUN, ATAC-seq 
(AtlasXomics)

Spatial omics biology at multiple scales



Representations for all type of data at multiple scalesRepresentations for all type of data at multiple scales
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Representations for all type of data at multiple scalesRepresentations for all type of data at multiple scales
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Multi-modal

Multi-scale Registration & 
segmentation

Scalability

Tutorials & challenges: Community & tool building:



A simple multi-scale analysis

nuclei cells

niche domain

niche cell
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A simple multi-scale analysis

nuclei cells

niche domain

nichedomain cell nuclei
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Whole cell nuclei

Spatial in-silico single-cell vs single-nucleus analysis
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Cell and nuclear state do not necessarily match 1-to-1



Multi-modal

Multi-scale Registration & 
segmentation

Scalability

Tutorials & challenges: Community & tool building:



Co-registering and multi-modal data analysis
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Co-registering and benchmarking cell segmentation effects
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Original Baysor
1. compare 
segmentation 
methods:



Original Baysor

Co-registering and benchmarking cell segmentation effects
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Original

Co-registering and benchmarking cell segmentation effects

Baysor

100% increase in stromal / Cancer-associated fibroblasts
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Multi-modal

Multi-scale Registration & 
segmentation

Scalability

Tutorials & challenges: Community & tool building:



Co-registering and comparing different modalities

Original Baysor
1. compare 
segmentation 
methods:

2. Compare 
modalities or 
technologies: Protein RNA VisiumXenium



VisiumXenium

Co-registering and comparing different modalities
Protein vs RNA Xenium vs Visium

Pearson r

Xenium expression levels
Visium expression levels

Pearson r



Co-registering and multi-modal data analysis
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Original Baysor
1. compare 
segmentation 
methods:

2. Compare 
modalities or 
technologies:

3. Joint-cluster:

Protein RNA VisiumXenium



Co-registering and multi-modal data analysis
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Co-registering and multi-modal data analysis

RNA

RNA + Protein



Multi-modal

Multi-scale Registration & 
segmentation

Scalability

Tutorials & challenges: Community & tool building:



Complex spatial data are BIG data – scalability solutions
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hexbin50

hexbin200



30

1. Code optimization 2. Spatial chunking

4. Infrastructure scaling3. Data projections

- PCA

- UMAP

- Cluster annotations

- Bioc DelayedArray

- Bioc Future

Complex spatial data are BIG data – scalability solutions



Complex spatial data are BIG data – flexible tiling
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enhancement

Complex spatial data are BIG data – additional tiling strategies

Alternative clustering 
strategies:
- Leiden / Louvain
- Niche composition
- Co-expression patterns
- HMRF
- …
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enhancement

Complex spatial data are BIG data – additional tiling strategies

Pseudo
-visium
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enhancement

Complex spatial data are BIG data – additional tiling strategies

Pseudo
-visium

Benchmark 
deconvolution 
(e.g. spatialDWLS)



Multi-modal

Multi-scale Registration & 
segmentation

Scalability

Tutorials & challenges: Community & tool building:



Giotto Suite leverages decades of spatial (geo-)statistics work
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Giotto Suite leverages decades of spatial (geo-)statistics work
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Giotto Suite leverages decades of spatial (geo-)statistics work



StarDist
segmentation

Visium super-enhancement strategy

Spatial 
interpolation

: kriging

H&E single-cell 
segmentation
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StarDist
segmentation

Visium super-enhancement strategy

Spatial 
interpolation

: kriging

H&E single-cell 
segmentation
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Visium super-enhancement strategy

55𝜇m Spot-level 
Expression

Super-enhanced
Expression
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Website
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Website: www.giottosuite.com
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For users:
- Examples: vignettes for different datasets and 

technologies

- Tutorials: what can you do in or with Giotto?

- News page for regular updates 

For developers:
- Giotto Ecosystem and sub-websites

- Giotto Class Structure to understand data 
structures

- Contribution page

http://www.giottosuite.com/


Website: www.drieslab.com
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@GiottoSpatial
@RnDries

Interested to:
- Contribute to Giotto?
- Add your tool to Giotto?
- Collaborate?

Reach out to rdries@bu.edu

http://www.giottosuite.com/

